The present study was carried out to investigate the anti-inflammatory, antinociceptive and antipyretic activities of the crude ethanol extract of Azadirachta indica leaves on experimental animal model at three different dose level-1g/kg, 500 mg/kg and 100 mg/kg. For evaluation of the anti-inflammatory property carrageenan induced paw edema served as acute model and cotton pellet induced granuloma formation served as chronic model in rats. The acetic acid induced writhing response and hot plate test were used to assess antinociceptive activity in mice. The antipyretic activity was evaluated on yeast-induced pyrexia in rats. Acute toxicity test was also performed in rats after administration of the extract orally at high dose level (4g/kg). Oral administration of the ethanol extract of A. indica leaves significantly (P<0.05) suppressed the paw edema induced by carrageenan as well as granulomatous tissue formation induced by cotton pellet in rats at high dose level (1g/kg) but no significant effect was observed at 500 mg/kg and 250mg/kg dose level. In addition, ethanol extract obtained from A. indica leaves (1g/ kg) also significantly (P<0.05) attenuated the acetic acid induced writhing response in mice but did not show any significant protective effect on heat induced pain in mice. A significant antipyretic effect (P< 0.05) was noticed with ethanol leaf extract of A. indica leaves at 1g/kg and 500 mg/kg dose level. In acute toxicity study, no mortality was observed at 4 g/kg dose level. The present study also demonstrates the potential anti-inflammatory, analgesic and antipyretic effect of the ethanol extract of Azadirachta indica leaves, which supports the claims by the traditional medicine practitioners.
Introduction
Inflammation (Latin, inflammatio, to set on fire) is the complex biological response of vascular tissues to harmful stimuli, such as pathogens, damaged cells, or irritants that leads to the local accumulation of plasmatic fluid and blood cells. It is a protective attempt by the organism to remove the injurious stimuli as well as to initiate the healing process for the tissue (Underwood, 2000) . However, inflammation which runs unchecked can lead to a host of diseases including different types of arthritis such as rheumatoid arthritis, shoulder tendinitis and gouty arthritis (Underwood, 2000) . Inflammatory diseases are the major cause of morbidity of the working force throughout world. This has been called the 'King of Human Miseries' (Chatterjee and Pal, 1984) .
Most of the drugs used presently for the management of pain and inflammatory conditions possess more or less side and toxic effects (Ahmad, et al., 1992) . On the contrary many medicines of plant origin had been used since long time without any adverse effects. It is therefore essential that efforts should be taken to develop new drugs of plant origin, which will be economically feasible, as well as with lesser side effects.
Bangladesh owing to its favorable climatic influences has been blessed with immense natural resources including explored and unexplored herbal medicinal plants. We can use these resources for remedy of different diseases. Azadirachta indica (locally known as Neem) is perhaps the most useful traditional medicinal plant in Bangladesh as well as its neighboring countries. Every parts of the tree have been used as traditional medicine for household remedy against various human ailments including arthritis, gout, fever, pain, skin diseases, diabetes etc. (Ghani, 1998) . The tree is regarded as 'village dispensary' in Bangladesh.
In this study, we have evaluated the anti-inflammatory, antinociceptive and antipyretic effect of ethanol extract of Azadirachta indica leaves to establish scientific evidence in support of the folklore claim. 
Materials and Methods

Animals and diets
Swiss albino mice of both sexes weighing between 30 to 35g and Wistar Albino rats of the either sex weighing between 150-200 g obtained from animal house of BCSIR laboratories, Chittagong were used for the present study. The animals were acclimatized to room temperature (28±5 O C) with a relative humidity of 55±5 % in a standard wire meshed plastic cages for 4 to 5 days prior to commencement of the experiment. During the entire period of study the animals were supplied with standard pellet diet and water ad libitum. In this study, all the animal experimentation was carried out according to the guidelines of Institutional Animal Ethics Committee (IAEC).
Collection of plant material
The leaves of Azadirachta indicia were collected from the plantation area of BCSIR laboratories, Chittagong. The plant was taxonomically identified in the Industrial Botany Division of BCSIR laboratories, Chittagong.
Preparation of ethanol extract
The collected leaves were cut into small pieces, air dried at room temperature for about 10 days and ground into powder form and stored in an airtight container. 500 g powder was then macerated in 5 L 90% ethanol for 7 days at room temperature with occasional stirring. The ethanol extract of the plant was collected in a separate container and concentrated under reduced pressure below 50 ºC through rotatory vaccum evaporator. The concentrated extract was dried using freeze dryer (Shimadzu, Kyoto, Japan). Finally a blackishgreen colored residue was obtained (yield 5.6 % w/w) which was kept in a refrigerator at 4 O C.
Assay of anti-inflammatory activity
Carrageenan induced paw edema and cotton pellet testthese two models were used for evaluating potential of ethanol extract of Azadirachta indica leaves on inflammation. For each model fifteen albino rats weighting 150-160g were randomly divided into three equal groups (n = 5) - 
Carrageenan induced paw edema
According to the method designed by Winter et al., (1962) , the initial right hind paw volume of each rat was measured using plethysmometer (UGO Basile, Italy) and then 0.1 ml of 1 % (w/v) carrageenan was subcutaneouly injected into the sub-plantar region of the right hind paw in order to induce acute inflammation. The volume of right hind paw was measured at 1st, 2nd, 3rd and 4th hour after carrageenan injection and the paw edema was determined. Leaves extract of A. indicia (1g/kg, 500mg/kg and 100mg/kg) or standard anti-inflammatory drug dichlophenac sodium (40 mg/kg) or distilled water was administered orally one hour before the subplantar injection. The inhibitory activity was calculated according to the following formula (Olajide et al., 2000) :
Where Ct is the right hind paw thickness volume (in mm 3 ) at time t, Co is the right hind paw thickness volume (in mm 3 ) before carrageenan injection. Ct -Co is paw edema. (Ct-Co) control, is edema or paw size after carrageenan injection to control rats at time t. (Ct -Co) treated, is edema or paw size after carrageenan injection to treated (reference or sample drug) rats at time t.
Cotton pellet test
In this experiment chronic inflammation was induced by cotton pellet induced granuloma in albino rats -by the previously established method of Gold stein et al. (1976) . Briefly, under ether anesthesia two sterilized cotton pellets weighing 10±0.5 mg were implanted subcutaneously in the groin region of the rats, one on each side. These cotton pellets were sterilized in an air oven at 121 O C for 1hour and soaked in 1 % solution of crystalline penicillin just before implantation. Leaves extract of A. indicia leaves (1 g/kg, 500mg/kg and 100mg/kg), reference drug indomethacin (5 mg/kg) and controlled vehicle were administered orally according to time scheduled for seven consecutive days from 1st day of cotton pellet implantation. The animals were sacrificed on 8th day and cotton pellets were removed surgically and made free from fat and extraneous tissues. The pellets were incubated at 37 O C for 24 hour and dried at 60 O C to constant wt. Increment in the dried weight of the pellet was taken as the measure of granuloma formation.
Assay of antinociceptive activity
Writhing and hot plate tests were performed to evaluate the antinocipeptive activities of leaves extract of neem.
Hot plate test
The hot plate test was conducted on mice according to the method described by Woolfe and MacDonald (1944) . Male albino mice weighing 25-30 g were distributed into four groups (n=5). One hour after the oral administration of leaf extract of A. indicia leaves (1 g/kg, 500mg/kg and 100mg/kg) or standard drug dichlophenac sodium [40 mg/kg] or morphine (administered intraperitoneally at the rate of 5 mg/kg body weight) or normal distilled water, the mice were placed on the hot plate (Scored DS37, UGO Basile, Italy), maintained at constant temperature of 55 ± 0.5 O C and the latency of nociceptive response such as licking and jumping were measured [the time from reaching the hot plate until it first licks a paw and try to jump out] with 30 minutes interval over 120 minutes period of time. Finally the average retention time of treated group were compared with the control group.
Acetic acid induced writhing response
For writhing test 1 % (v/v) acetic acid solution (3.3 ml/kg body weight) was injected intraperitoneally in mice (weighing 25-30 g) and the number of writhing and stretching was counted over 20 minutes period as previously reported (Koster et al., 1959; Hendershot and Forsaith, 1959) . The ethanol extract of A. indicia leaves (1 g/kg, 500mg/kg and 100 mg/kg), reference analgesic drug dichlophenac sodium (40 mg/kg) and distilled water were administered orally 30 min before acetic acid injection. 
Assay of Antipyretic activity
Antipyretic activity was carried out in Wistar albino rats weighing 130-150 g according to the method described by Adams et al. (1968) . Briefly, pyrexia was induced in rats by a subcutaneous injection of 15 % (w/v) aqueous suspension of Brewer's yeast at the rate of 1 ml/100g body weight. Ten hours later the rectal temperature of each rat was measured using clinical thermometer inserting to a constant depth of two centimeter. Only rats that showed an increase in temperature of at least 0.5 O C were used for experiments. Ethanol extract of A. indicia leaves (1 g/kg, 500mg/kg and 100mg/kg) or standard antipyretic drug paracetamol (100 mg/kg) or vehicle control were then administered orally to different groups of rats (n = 5) and the temperature was measured at 1st, 2nd, and 3rd hour after drug administration.
Acute toxicity studies
Ethanol extract of A. indicia leaves was dosed orally at the rate of 4 g/kg body weight on ten Wistar albino rats (weighing 150-160 gm). Five male and five female rats were closely observed for 24 hours for any mortality and next ten days for any delayed toxic effect. Their food consumption and growth rate were also examined once daily up to ten days.
Statistical analysis
All the values in the test are expressed as mean ± SEM [Standard error of the Mean]. Statistical difference between the mean of the various groups were analyzed by using Student's "t" test. P values < 0.05 or less were considered as significant.
Results and Discussion
Anti-inflammatory activity
The ethanol extract of the of A. indica leaves was evaluated for anti-inflammatory activity in acute and chronic experimental animal models and the results are depicted in Table I and II.
Carrageenan induced paw edema
As shown in Table I , the ethanol extract obtained from A. indica leaf (1 g/kg) exhibited anti-inflammatory activity by significant (P<0.05) suppression of the paw edema induced by carrageenan at 2, 3 and 4h hr after carrageenan injection, though less potent than that of refer mg/kg. A. indica showed maximum inhibition of paw edema (41.3 %) at the dose of 1g/kg at 3 h after carrageenan injection. Other lower dosages of A. indica leaves extract (500mg/kg and 100 mg/kg) did not show any significant change in paw edema compared with vehicle control group.
Cotton pellet induced granuloma
The effects of the ethanol extract of A. indica (1g/kg, 500mg/kg and 100 mg/kg) and indomethacin (5 mg/kg) on the chronic model of cotton pellet induced granuloma are shown in Table II . A significant reduction (p < 0.05) in the weight of cotton pellets was observed with ethanol extract of A. indica (1g/kg) compared to the vehicle control rats though the degree of reduction (20.5%) was comparatively lower than the effect caused by indomethacin (34.4 %). 500 mg/kg and 100 mg/kg A. indica extract also reduced the weight of cotton pellets (7.8 % and 6.5% respectively) but they are not found statistically significant. Table III 
Hot plate test
The ethanol extract of A. indica (1g/kg, 500 mg/kg and 100 mg/kg) and diclofenac sodium (40 mg/kg) did not show any significant protective effect on heat induced pain in mice. In contrast, a centrally acting analgesic drug, morphine (5mg/kg) markedly increased (P<0.01) pain latency (Table  III) . Table IV shows the pain behavior of writhing response, which was presented as cumulative abdominal stretching response. The treatment of animals with ethanol extract of A. indica (1g/kg) produced a significant (P<0.05) inhibition in abdominal writhes produced by acetic acid. However the degree of inhibition was less than the effect caused by standard analgesic drug diclofenac sodium (40 mg/kg). Other lower dosages of A. indica leaves extract (500mg/kg and 100 mg/kg) did not show any significant effect on writhing response of mice compared with control. In the acute toxicity assay of ethanol extract of A. indica leaves, no deaths were observed at high (4g /kg) dose level. At this dose level, animals also did not show any stereotypical symptoms associated with toxicity, such as convulsion, ataxy, diarrhoea or increased diuresis. Behavior of all treated animals appeared normal and no significant change in the body weight as well as their daily food consumption were observed. Hence, the extract was considered to be without gross or acute toxic effects on rats.
Acetic acid induced writhing response
Antipyretic activities
The results of the present study revealed that the ethanol extract of A. indica leaves possess significant (P< 0.05) antiinflammatory, antiniceptive and antipyretic activity. The acute toxicity studies showed that the extract has a high safety profile as neither death nor symptoms associated with toxicity was observed at high dose level (4g/kg) in rats. Our results are consistent with other previous findings (Khanna et al., 1995; Pillai, et al., 1978, Pillai and Santhakumari, 1981) .
Carrageenan induced paw edema is a suitable test for evaluating anti-inflammatory properties for natural drugs because of its sensitivity in detecting orally active anti-inflammatory agents particularly in the acute phase of inflammation (DiRosa et al., 1971) . Development of edema in the paw of rat after injection of carrageenen is a biphasic event (Vinger et al., 1969) . The initial phase observed during the first hour is attributed to the release of histamine and serotonin. The second phase of edema is due to the release of prostaglandins, protease, and lysosome (Crunkhon and Meacock, 1971) . The results of the present study demonstrate that the ethanol extract (1 g/kg) obtained from A. indica leaf exhibited significant anti-inflammatory activity at 2, 3 and 4hr after carrageenan injection. Therefore it is possible that the ethanol extract of A. indica contains the active constituents that exhibits its anti-infl-ammatory action probably by means of either inhibiting the synthesis, release or action of inflammatory mediators e.g. histamine, serotonin and prostaglandins.
The cotton pellet induced granuloma formation, is a model of chronic inflammation (Ismail et al. 1997 ) and the dry weight of pellet has been shown to correlate with the amount of granulomatous tissue formed (Swingle and Shideman, 1972) . Chronic inflammation is a reaction arising when the acute response is insufficient to eliminate proinflammatory agents. Chronic inflammation includes a proliferation of fibroblasts and the infiltration of neutrophils and exudation (Dunne, 1990; Arrigoni-Maratellie, 1988) . Chronic inflammation occurs by means of the development of proliferative cells. These cells can be either spread or in granuloma form. The ethanol extract of Azadirachta indica leaf (1 g/kg) showed significant (P<0.05) anti-inflammatory activity in cotton-pellet induced granuloma and thus found to be effective in chronic inflammatory conditions, which reflected its efficacy in inhibiting the increase in the number of fibrob lasts and synthesis of collagen and mucopolysaccharides during granuloma tissue formation (Recio et al., 1995) .
The analgesic model used in the present study was chosen in order to test different nociceptive stimuli, namely cutaneous thermic (hot plate) and chemical visceral (writhing) stimuli. In acetic acid induced abdominal writhing, which is the viceral pain model, the processor, the release of arachidonic acid via cyclooxygenase and prostaglandin via synthesis plays a role in the neoceptive mechanism. Results of the present study show that the ethanol extract obtained from A. indica leaf (1 g/kg) produces significant (P<0.05) antinociceptive effect and this effect may be due to inhibition of the synthesis of the arachidonic acid metabolite (Vane, 1987) .
Thermal painful stimuli are known to be selective to centrally, but not peripherally, acting analgesic drugs (Chau, 1989) . In the present study, morphine (5 mg/kg), a centrally acting analgesic drug, produced a significant (P<0.001) inhibitory effect on the nociceptive response in this test while ethanol extract of A. indica and peripherally acting analgesic drug, diclofenac sodium a failed to affect the response. This result indicates that probably A. indica doesn't contain any active constituents to act against pain, which is originated from CNS.
The ethanol extract of the leaves of A. indicia also showed appreciable antipyretic effect (up to 70%) on rats. This effect might be due to inhibition of the synthesis of prostaglandin E 2 which is described as key mediator of fever (Dascombe, 1985) .
The presence of flavonoids, tannins, alkaloids and tetranortriterpenes, including nimbin, nimbinin, nimbidinin, nimbolide and nimbidic acid in the leaves extract of this plant (Basks, 1968) may be responsible for the anti-inflammatory, analgesic and antipyretic property demonstrated by A. indica, as these phytochemicals are well-known for their ability to inhibit inflammation, pain and fever (Biswas et al., 2002; Ferrandiz and Alcaraz, 1991; Brasseur, 1989) . Moreover, recent research findings revealed that nimbidin significantly suppresses some of the functions of macrophases and neutrophils and also inhibited nitric oxide (NO) and prostaglandin E 2 (PGE 2 ) production relevant to the inflammatory response (Kaur et al., 2004) . So, it is not unreasonable to speculate that nimbidin and related compounds like nimbidinin, nimbolide of A. indica leaf extract are probably responsible for its anti-inflammatory, analgesic and antipyretic effects. All values are expressed as mean ± SEM (n=5) * P<0.05 and ** P<0.01 significant compared to control Percentage reduction in rectal temperature is given within parentheses B-C n % Reduction=------------------------X 100; where n=1, 2, 3 B-A
Conclusion
The ethanol extract of the leaves of A. indica shows a significant anti-inflammatory (both acute and chronic), peripheral analgesic and antipyretic effects in experimental animal models and could be an alternative source to treat inflammation, arthritis, pain and fever. However, further studies are necessary to elucidate the mechanism behind this effect. This report may serve as a footstep on this aspect.
